Aiming at the problem of occlusion in object tracking, adaptive feature fusion object tracking with kernelized correlation filters is proposed to advance the robustness of the correlation filter for object tracking. Firstly, feature fusion based on tracking confidence is proposed to improve the robustness of object tracking. Then combined with the detection method of tracking confidence to solve the object occlusion and tracking failure. Finally, template updating strategy based on tracking confidence is proposed to solve the drift problem. The experiment carries on the OTB100 dataset, and compares with other tracking algorithms. The results show that the tracking precision is 4.5% higher than that of the optimal algorithm, and the tracking success rate is improved by 6.1%. Moreover, the object can be well tracked under the occlusion.
INTRODUCTION
Relatively, correlation filter for object tracking has attracted wide attention due to its fast tracking speed and high robustness recently. However, it still facing with many difficulties, mainly due to the deformation, rotation, occlusion, fast motion and background clutters of the object in the tracking process. In view of the above problems, many researches have been carried out.
Henriques et al. [1] proposed kernelized correlation filters (KCF) object tracker. The sampling process of correlation filter training is equivalent to the cyclic shift operation by using the property of cyclic matrix to complete the dense sampling of model training. The kernel function is used to improve the robustness of object tracking. Bibi et al. [2] proposed the scale adaptive kernel correlation filter (SAMF) tracker. By constructing the object scale pool, the change of the object scale is estimated. The problem of the change of the object size is solved, but the scale pool is limited and is not sensitive to the change of object scale. Danelljan et al. [3] proposed discriminative scale space tracker (DSST), which is simple, efficient and accurate in estimating the change of object scale by extra one-dimensional scale correlation filter. Ma Chao et al. [4] proposed the hierarchical convolutional features tracker (HCFT) to extract more robust features by convolution neural network. Liu Ting et al. [5] proposed adaptive block object tracking Real-time part-based tracker via adaptive correlation filters (RPAC). The object block is tracked by correlation filter, and then the final tracking result is based on all the block information. However, the model is complex, in some cases, the robustness is not high enough.
Although the relevant research has made some progress, the tracking robustness needs to be further improved, tracking failure occurs when the object is occluded, and the model is prone to drift. In view of the above problems, this paper puts forward adaptive feature fusion object tracking with kernelized correlation filters algorithm. Firstly, feature fusion method based on tracking confidence is proposed to improve the robustness of object tracking, and then combined with the detection method of tracking confidence to solve the object occlusion and tracking failure. Finally, template updating strategy based on tracking confidence is proposed to solve the drift problem. The experimental results show that the proposed algorithm can better solve the occlusion problem and improve the robustness of tracking.
KERNELIZED CORRELATION FILTERS FOR OBJECT TRACKING
The kernelized correlation filtering object tracker first trains the correlation filter w according to the object features and searches for the maximum response in the next frame as the object location. Correlation filter model training constructs the loss function to make T ( ) f = x w x and value minimize error:
Where λ is the tradeoff factor, the closed solution can be obtained:
Where
X is the complex conjugate matrix of X , then we can obtain: (3) Figure 1 . Flow chart of our algorithm.
Where represents the multiplication of the corresponding element, ˆ= w Fw represents the DFT result of w . For nonlinear cases, the kernel function method is used, so we can express ( ) f z as:
The dual space coefficient α obtained from the upper formula is:
In this paper, Gaussian kernel function is used: (6) The maximum response value is:
The template is solved by the previous frame, in the next frame, the maximum response is output as the object location. In order to reduce the computation and the effect of noise, the following model update strategy is adopted:
1ˆ ( 1 ) n n η η
Where η represents the model update rate.
ADAPTIVE FEATURE FUSION OBJECT TRACKING WITH KERNELIZED CORRELATION FILTERS
In this paper, kernelized correlation filter object tracking method based on adaptive feature fusion is proposed. The flow chart is shown in figure 1 . Firstly, the location of the object is determined according to the tracking confidence degree. Then according to the tracking confidence to determine whether the object detection to re-obtain the object position. Finally according to the tracking effect of adaptive update template to solve the model drift problem. The details are as follows:
Object Tracking Confidence
Correlation filtering object tracking determines the location of object by the response map, and the maximum response will be the object. By analysing the response map, the tracking effect can be judged. To solve the model drift problem caused by occlusion in object tracking, a model updating method based on response peak value is proposed [6, 7] , which is based on the confidence degree of object response peak value. When the peak value meets a certain threshold, the strategy solves the model drift problem in object tracking to a certain extent. However, as shown in figure 2, the tracking peak is still large in the following cases, but the object has been occluded, the model has drifted, Therefore, using peak value as an indicator of occlusion confidence has great limitations. The average peak-to correlation energy (APCE) index of average peak correlation energy confidence, is proposed [8] : According to the object tracking effect, when the object tracking well, the response fluctuation is small and the APCE value is large. When the tracking is interfered, the APCE value is small. Therefore, APCE can better reflect the effect of object tracking. At the same time, APCE calculates according to the response map and has low computational complexity and less time consuming, which is a better object tracking confidence index. 
Adaptive Feature Fusion
The Correlation filtering object tracker MOSSE uses gray feature as object descriptor, but gray feature is easily affected by environmental factors, such as noise and illumination, etc. Therefore, the robustness of tracking is low. Subsequently, HOG (Histograms of oriented gradients) is used as the object tracking feature. The HOG [9] feature is constructed by calculating and counting the oriented gradients of histogram of the local region. The local appearance of the object is constructed by calculating and counting the oriented gradient histogram. The object local appearances and shapes can be well described by the distribution of local gradients and edges, its pair of light and other factors are insensitive.
Local sensitive histogram (LSH) [10] was applied to the object tracking. LSH collects the area around a pixel of the object, calculates the histogram of each point, and then adds the histogram of each pixel's histogram. All the interval values of the histogram of each pixel are weighted as the pixel values of the corresponding position. The local sensitivity histogram feature considers the influence of surrounding pixels on the central pixel and has good adaptability to the variations of illumination and attitude.
The representation of single feature to object feature is incomplete, therefore, the object tracking method based on feature fusion is more robust. In this paper, the HOG feature and the LSH feature fusion is adopted, HOG on the object details and LSH complement each other around the object pixel representation of the object more comprehensive characterization. The APCE object tracking confidence is derived from the adaptive weight, and the higher weight is assigned to the response with better feature representation, so as to obtain better tracking results. 
Where p A represents the confidence value, res represents response value. The final object tracking response is a weighted result of HOG and LSH features, which is better for object tracking.
Track-by-detection
In the process of object tracking, it is easy to cause the tracking failure due to the occlusion and out of view. Track-by-detection tracking method can better solve the occlusion and loss tracking problem. object tracking based on online SVM [11] is accomplished by initial modelling and online update classifier.
In this paper, the correlation filter is combined with online SVM algorithm to detect the object in real time, and the object tracking confidence degree is used to judge the object occlusion and out-of-view problems. When the confidence level is low, the object tracking failure is considered. The object is detected to determine the location of the object, to continue tracking, and to update the model when the confidence of object tracking is high, so as to prevent the object model from drift due to environmental interference.
Model Update Strategy
The object tracking process needs to update the model to accommodate the object changes. The standard correlation filtering uses the formula (8) (9) to update the template. When the object is occluded, or the migration occurs, the model is contaminated and the error accumulates, resulting in tracking failure.
Based on the confidence degree to judge the object tracking effect, updating the model according to the object tracking situation can avoid model pollution, effectively, but the previous object tracking confidence threshold needs to be set artificially based on experience. It leads to the decrease of adaptability in different scenarios, and the fixed threshold cannot satisfy various tracking conditions. In this paper, an adaptive confidence threshold method is proposed. In different tracking scenarios, the model update threshold can be determined adaptively, and the tracking is more robust. The threshold is set as follows:
(1 ) shd shd APCE
Where shd is the model update threshold, κ is the threshold update rate, APCE is the confidence index.
Where γ is the object confidence factor.
The confidence index of the current frame is calculated after the new frame tracking, and the calculation amount is greatly reduced, the information of the current tracking confidence degree and the original tracking confidence degree is combined. At the same time, the threshold updating strategy can reduce the number of model computation and update to a certain extent, and accelerate the object tracking speed.
EXPERIMENT
To ensure the objectivity of the experiment, experiments were performed on the OTB100 [12] standard dataset. The OTB100 is one of the most widely used standard tracking dataset available, which is 100 tracking object image data expanded on the basis of the OTB50 [13] . Each object data contains such factors as the variations of scale and background clutters, which is a more comprehensive evaluation dataset for the robustness of the object tracking. The experimental platform is the flagship version of 64-bit Windows 7, the programming environment is MATLAB 2017a, the processor is Intel core i5, the main frequency is 2.3GHz, and the memory is 8G.
The contrast experiment method is used, except for the algorithm of this paper. The other methods for tracking object tracking are as follows: KCF [1] , DSST [3] , MIL [14] , TSST [15] , STRUCK [16] , CT scanning [17] , OAB [18] . The experimental parameters are set: the object expands to 1.8, the model update rate η is 0.025, the threshold renewal rateκ is 0.1, the object confidence factor γ is 0.7, and the rest parameters are the same as [3] .
In order to evaluate the performance of the trackers, the object tracking success rate and precision are used. The object tracking success rate is evaluated by the overlap rate of the tracking boundary frame. The number of successful frames whose overlap rate is greater than a given threshold is calculated in the experiment:
Where / t a R R represents object region and the ground truth region, respectively, the larger S means the higher accuracy.
The precision of object tracking is measured by calculating the distance between the object frame and the center of the tracking frame, and the smaller distance means the higher precision. 1. As shown in figure 3 (a) , the partial tracking results of our method and the contrast tracking method on OTB100 show that our method is better for object tracking, especially in the case of occlusion. Therefore, the tracking strategy based on detection can solve the occlusion and misalignment problems of object tracking effectively.
2. As shown in figure 3 (b-c) , the statistical index data of the tracking results of our method and the contrast tracking method in the OTB100 dataset. As shown in the figure, we can see that the success rate of object tracking in our method is improved by 6.1% compared with KCF, which is 9.5% higher than that of DSST. Compared with KCF, the precision of object tracking is improved by 4.5%, which is 5.4% higher than that of DSST, which is more obvious than other object tracking algorithms. Therefore, this method combined with adaptive feature fusion method can better improve the robustness of object tracking.
3. As shown in figure 3 (d-e) , the statistical indicator data for the occlusion of the tracking results of the present method and the contrast tracking method. It can be seen that the success rate of object tracking in this method is 9.5% higher than that of KCF, 14.1% higher than that of DSST, and the tracking precision is 7.1% higher than that of KCF and 8.7% higher than that of DSST, and more obvious than other object tracking algorithms. The object detection algorithm based on confidence degree can keep the object tracking in the case of object occlusion and tracking failure. 
CONCLUSION
In this paper, Adaptive Feature Fusion Object tracking with Kernelized Correlation Filters is proposed. The precision and robustness of the object tracking are improved. An adaptive feature fusion method is proposed to improve the robustness and precision of object tracking. By combining the object detection algorithm, the problem of object occlusion caused by object occlusion is effectively solved; in the stage of model updating, the adaptive feature fusion method is proposed to improve the robustness and precision of object tracking. An adaptive model updating strategy based on object tracking confidence index is proposed to avoid model drift.
Since the correlation filtering is model-based tracking algorithm, the tracking effect on the rapid deformation of the object is not good and future research on the object rapid deformation problem can be made. In addition, deep learning features can be used to further improve the precision of object tracking.
